Background: Major depressive disorder is a debilitating illness, which is most commonly treated with antidepressant drugs. As the majority of patients do not respond on their first trial, there is great interest in identifying biological factors that indicate the most appropriate treatment for each patient. Studies suggest that microRNA represent excellent biomarkers to predict antidepressant response. Methods: We investigated the expression of miR-1202, miR-135a, and miR-16 in peripheral blood from 2 cohorts of depressed patients who received 8 weeks of antidepressant therapy. Expression was quantified at baseline and after treatment, and its relationship to treatment response and depressive symptoms was assessed. Results: In both cohorts, responders displayed lower baseline miR-1202 levels compared with nonresponders, which increased following treatment. Conclusions: Ultimately, our results support the involvement of microRNA in antidepressant response and suggest that quantification of their levels in peripheral samples represents a valid approach to informing treatment decisions.
Introduction
Major depressive disorder (MDD) is a prevalent and debilitating illness and a leading cause of premature death worldwide (Global Burden of Disease Study, 2015) . The most commonly used treatments are antidepressant drugs. Unfortunately, the majority of patients do not respond on their first trial, and typically 30% to 40% of patients do not respond following several adequate trials (Trivedi et al., 2006) . As such, there is great interest in identifying biological factors that can indicate the most appropriate treatment for each patient. Increasing evidence suggests that microRNAs (miRNA) may be good biomarkers for treatment response (Dwivedi, 2016) . MiRNA can be easily quantified in peripheral tissues, and several have been shown to mediate and predict antidepressant effects (Belzeaux et al., 2016) . MiR-16 was demonstrated to be involved in the molecular mechanisms underlying the therapeutic effects of antidepressants (Baudry et al., 2010; Launay et al., 2011) . MiR-1202 has been found to be downregulated in the brains of depressed individuals and to predict response to the antidepressant citalopram (Lopez et al., 2014 (Lopez et al., , 2017 . Finally, miR-135a was shown to mediate antidepressant actions in humans and animal models of depression (Issler et al., 2014) . In this study, we investigated these miRNAs in 2 cohorts of depressed patients undergoing antidepressant therapy and assessed their relationships to presence and improvement of depressive symptoms.
Methods

Cohort 1
This cohort was comprised of 55 patients with MDD. Patients were treated with either escitalopram (27 patients, selective serotonin reuptake inhibitor, 10, 15 or 20 mg) or desvenlafaxine (28 patients, serotonin-norepinephrine reuptake inhibitor [SNRI] , 50 or 100 mg). Subjects were assessed before treatment (BT) and after 8 weeks (AT) using the Hamilton Depression Rating Scale, 21 items (HAM-D). Whole blood was collected at both timepoints in PAXgene Blood RNA Tubes (PreAnalytix) and total RNA was extracted using the miRNeasy Mini Kit (Qiagen). MiRNA were quantified using Taqman assays. This study was approved by the local institutional review board and written informed consent was obtained from all subjects.
Cohort 2
This cohort consisted of 124 MDD patients who were enrolled in a clinical trial (www.ClinicalTrials.gov 11984A NCT00635219; 11918A NCT00599911; 13267A NCT01140906) and treated with duloxetine (SNRI, 60 mg) for up to 8 weeks. Whole blood was collected before and after treatment in PAXgene Blood RNA Tubes (PreAnalytix) and total RNA was extracted using the PAXgene Blood miRNA Kit (Qiagen, Canada). Depression scores were assessed using the Montgomery-Asberg Depression Rating Scale (MADRS). MiRNA were quantified using Firefly BioWorks miRNA multiplex assay.
Response to Treatment
HAM-D (Cohort 1) and MADRS (Cohort 2) scores were used to classify patients as either treatment responders (RES) or nonresponders (NRES) based on a 50% reduction in depressive scores after treatment. These scales have undergone rigorous studies and are accepted as valid standards of symptom outcome in MDD. Importantly, these 2 scales correlate well with each other and are comparable when assessing symptoms in depressed patients (Jiang and Ahmed, 2009) .
Results
Cohort 1
Of the 55 patients in this cohort, 31 were classified as responders (citalopram: 15, desvenlafaxine: 16) and 24 were classified as nonresponders (citalopram: 12, desvenlafaxine: 12) . Both groups were clinically depressed according to baseline HAM-D scores (RES: 29 ± 5, NRES: 32 ± 6). MiR-1202 displayed reduced baseline expression in responders, which was increased after treatment, where it displayed similar levels to nonresponders ( Figure 1A) and healthy controls (Supplemental Figure 1) . Furthermore, we observed a significant correlation between depression symptoms and ratios of miR-1202 levels across time ( Figure 1B ). We performed a Receiver-Operating Characteristic (ROC) curve analysis and found that baseline miR-1202 levels had a predictive value for antidepressant nonresponse following treatment (AUC = 0.812, 95% CI = 0.70-0.92, P = .00008) ( Figure 1C ). Using the Youden Index, miR-1202 levels predicted nonresponse with a sensitivity of 91.7% and specificity of 67.7%. MiR-16 was decreased in responders but unchanged after treatment ( Figure 1D-E) . Mir-135a levels were unchanged and did not differ between groups (Figure 1F-G) .
Cohort 2
This cohort included 97 responders and 27 nonresponders. Both groups were clinically depressed at baseline (RES: 31 ± 4, NRES: 32 ± 4). Consistent with Cohort 1, at baseline, miR-1202 displayed a trend for decreased levels in responders relative to nonresponders (P = .058), which increased and displayed similar levels to nonresponders following treatment (P = .67) (Figure 2A ). We performed a ROC curve analysis using baseline miR-1202 levels and found a trend for significance (AUC = 0.61, 95% CI = 0.49-0.74, P = .07) ( Figure 2C ). Although there were no differences in baseline miR-16, it was increased in responders after treatment ( Figure 2D ). MiR135a showed a similar pattern of expression as miR-1202, with a decrease at baseline and increase in responders after treatment ( Figure 2F ). There were no significant correlations between changes in MADRS scores and miRNA levels for any of the miRNA (Figure 2B ,E,G).
Discussion
Overall, we identified lower baseline expression of the 3 miRNAs in treatment responders. Our most consistent findings were with miR-1202, which displayed decreased baseline levels in responders in both cohorts and increased levels as a function of treatment response. As these findings were found for both antidepressant classes (selective serotonin reuptake inhibitors and SNRIs), this could indicate that lower levels may represent a biomarker for clinical response to antidepressant monotherapy in general. Indeed, previous studies by our group found that miR-1202 levels were upregulated following chronic treatment of neural progenitor cells using either citalopram or imipramine, but unchanged by treatment with nonserotonergic drugs (Lopez et al., 2014) . Glutamate receptor 4 (GRM4) was also identified as being an important target of miR-1202, and a recent study identified a variant in the 3' UTR of GRM4 that was predicted to disrupt miR-1202 binding and was associated with MDD (Dadkhah et al., 2017) . The expression of a number of glutamate receptors, including GRM4, have been found to be dysregulated in depressed suicide completers (Gray et al., 2015) , and they have been shown to be altered by antidepressant treatment (Cruceanu et al., 2016) . It is thus reasonable to speculate that at least some of our findings with miR-1202 are related to its relationship with the glutamate system.
Unlike miR-1202, the results with miR-16 and miR-135a displayed variability between cohorts, suggesting that their effects may be influenced by variables not investigated in this study. Indeed, a number of studies have investigated the relationship between miR-16 and both depression-and anxiety-related phenotypes and found it to be both significantly upregulated or downregulated depending upon the phenotype and tissue being examined (Bai et al., 2012; Honda et al., 2013; Song et al., 2015; Zurawek et al., 2016b) . This has also been observed with miR135a (Mannironi et al., 2013; Zurawek et al., 2016a) . Accordingly, the baseline differences we observed between our 2 cohorts may reflect underlying differences in anxiety or stress-related variables between the 2 populations. One mechanism for these effects and after 8 weeks (AT). Changes in HAM-D scores were calculated using the ratio of scores at AT over BT and are plotted against ratios at BT over AT for miR-1202 (B), miR-16 (E), and miR-135a (G). A ROC curve analysis was performed using baseline miR-1202 levels to predict nonresponse (C). *P < .05; ***P < .0001; ‡ 0.1 < P > .05. . Assessments were performed in 27 nonresponders (black) and 97 responders (grey) at baseline (BT) and after treatment with duloxetine (AT). Changes in MADRS scores were calculated using the ratio of scores at AT over BT and are plotted against ratios at BT over AT for miR-1202 (B), miR-16 (E), and miR-135a (G). A ROC curve analysis was performed using baseline miR-1202 levels to predict nonresponse (C). *P < .05; **P < .01; ‡ 0.1 < P > .05.
could be through their actions on the serotonin system, as both miR-16 and miR-135a have been shown to regulate the expression of the serotonin transporter (SERT) (Baudry et al., 2010; Launay et al., 2011; Issler et al., 2014) . This may also partially explain some of the drug-specific effects we observed in the current study.
Ultimately, these results support an involvement of miR-1202, miR-16, and miR-135a in antidepressant response and suggest that quantification of their levels in peripheral samples may represent a valid approach to informing treatment decisions.
